Over the past three decades, the U.S. economy experienced a sharp increase in the labor force participation of women, causing a similar increase in the demand for non-parental child care. Concurrent with these developments has been a dramatic rise in the prevalence of childhood obesity, prompting the question as to what extent the increase in child care utilization is responsible for the growth in obesity. This chapter examines the impact of various child care arrangements on school-age children's weight outcomes using panel data from the Early Childhood Longitudinal Study, Kindergarten Cohort (ECLS-K). An advantage of the ECLS-K for our purposes is that it tracks children's child care arrangements between Kindergarten and the 5 th grade. Our fixed effects results suggest that non-parental child care arrangements are not strongly associated with children's weight outcomes. Our findings are robust to numerous sensitivity and sub-group analyses.
Introduction
Over the past three decades, the prevalence of obesity has increased from five percent to 10.4 percent among two-to five-year-olds and from 6.5 percent to 19.6 percent among six-toeleven-year-olds (Ogden, et al., 2008; Ogden et al., 2010) . Childhood obesity is identified by public health officials as one of the most pressing health problems in the United States (U.S.
Department of Health and Human Services, 2001 ). This alarming trend is also a growing source of concern among the public. In a 2008 nationwide public opinion survey, obesity was identified as the number-one health problem among children (Mott, 2009 ).
This anxiety is justified given the immediate and long-term health and social consequences associated with childhood obesity. For example, obese children and adolescents are more likely to have the precursors of cardiovascular disease, including high cholesterol and blood pressure.
1 Such children are also found to perform worse academically and experience such social and psychological problems as stigmatization, depression, and poor self-esteem (Mocan and Tekin, 2010; Strauss, 2000; Daniels, Arnett, and Eckel, 2005; U.S. Surgeon General, 2001 ). Finally, obese children are likely to remain obese as adults, and therefore risk developing an array of health problems in the future, including heart disease, type 2 diabetes, stroke, several types of cancer, and osteoarthritis (U.S. Surgeon General, 2001) . These health problems impose substantial costs on the U.S. health care system. According to one estimate, the direct medical costs from prescription drugs, emergency room visits, and outpatient services total $14.1 billion annually (Trasande and Chatterjee, 2009) . The scale of the economic cost becomes more serious if one also considers the estimated $147 billion per year spent on treating obesity-related illnesses among adults ).
The health and economic costs associated with childhood obesity have spurred a tremendous amount of attention by the research and policy communities devoted to exploring factors that contribute to it. For example, recent studies investigate the role of decreasing food prices (Lakdawalla and Philipson, 2002) , the rise in maternal employment (Ruhm, 2008; Anderson, Butcher, and Levine, 2003) , changes in agricultural policies (Cawley and Kirwan, 2005) , the development of technology to mass produce and preserve food (Philipson and Posner, 1999) , and school-based policies (e.g., school breakfast and lunch program) (Hofferth and Curtin, 2005) .
Interestingly, the growing prevalence of childhood obesity coincides with a substantial increase in the percentage of mothers participating in the labor force. Between 1970 and 2000, the labor force participation rate of women with children almost doubled, rising from 38 percent to 68 percent (Story et al., 2006) . The sharp increase in labor force participation has been followed by an equally dramatic rise in the demand for non-parental child care. Today, of the 35 million children aged six to fourteen, 63 percent spend an average of twenty-one hours per week in the care of someone other than a parent before and after school (Story et al., 2006) .
Motivated by the coincident rise in maternal employment and childhood obesity, a strand of empirical work has been devoted to exploring this relationship. Findings from these studies generally suggest that maternal employment is associated with an increase in children's weight outcomes (Ruhm, 2008; Coutemanche, 2007; Anderson et al., 2003; Fertig et al., 2009 ). For example, Anderson et al. (2003) find that increases in hours of maternal work raise the likelihood that children are obese. The authors also find greater effects among children of white mothers, of mothers with more education, and of mothers at higher income levels. Fertig et al. (2009) examine the mechanisms through which maternal employment influences children's weight outcomes and find that changes in supervision and nutrition play statistically significant but small roles in the relationship between maternal employment and childhood obesity. Cawley and Liu (2007) find that employed mothers spend significantly less time cooking and playing with their children and are more likely to purchase pre-cooked meals.
The concurrent increase in childhood obesity and the utilization of formal child care raises the relevant question as to what extent the two developments are related to each other.
There are numerous reasons why one might observe such a relationship. Given that millions of children spend substantial time in non-parental arrangements before and after they start school, the child care environment has the potential to play an important role in laying the foundation for children's food consumption and exercise patterns. Menu options available in child care settings expose children to a variety of new foods and flavors, which can influence food preferences at home and school (Deckelbaum and Williams, 2001 ). Structural and process features of the child care environment determine the types and frequency of physical activities in which children are engaged. Finally, child care providers can serve as an effective bridge to aid parents in making healthy food choices at home (Story, Kaphingst, and French, 2006) .
Despite this potential association, research on the effect of child care choices on childhood obesity is limited. An exception is Hubbard (2008) , who examines the impact of maternal employment and child care choices on children's weight outcomes using data from the ECLS-K. Modeling the employment and child care decisions in a dynamic framework and using a discrete factor random effects estimator, she finds that among mothers working full-time, the use of non-parental child care significantly increases children's likelihood of being obese and overweight. The impact of non-parental care on childhood obesity is insignificant among part-time working mothers. Contrary to previous research, she finds that maternal employment has a negative and statistically significant effect on the likelihood of being obese.
A number of studies focus on the relationship between Head Start attendance and children's weight outcomes. For example, Frisvold (2007) (Story, Kaphingst, and French, 2006) . 4 However, research suggests that preschools implementing practices aimed at increasing quality in general and physical activity in particular can be successful at reaching this goal. For example, in a study of 266 preschoolers, Dowda et al. (2004) find that children in high-quality preschools as measured by child-staff ratios, teacher education, and structural attributes of the facility participate in greater amounts of moderate to vigorous physical activity.
In this chapter, we examine the impact of various child care arrangements on school-age children's weight outcomes using panel data from the Early Childhood Longitudinal Study, Kindergarten Cohort (ECLS-K). We address the potential endogeneity of child care choices using a fixed effects estimator. Our study differs from Hubbard (2008) Therefore, we retain observations in the fixed effects analysis as long as the obesity and child care variables are non-missing for at least two periods.
The remainder of this chapter is organized as follows. Section 3.2 describes the empirical specification. Section 3.3 introduces the data used in the analyses and Section 3.4 discusses the results. Section 3.5 concludes the chapter.
Empirical Specification
Our goal is to investigate the relationship between the choice of child care arrangements and school-age children's weight outcomes. This relationship can be expressed by the following regression model:
where W it is one of our weight outcomes for child i in grade t; C it is a vector of child care arrangements; X it is a vector of exogenous determinants of children's weight at the child-and family-level; and ω t represents a vector of grade fixed effects that account for national curriculum changes influencing children's weight. For example, as more children become obese during the analysis period, concerns about the problem have likely to be heightened and become more widely known to policy-makers and the public. If, as a result, child care policy was assigned an increased role in the fight against obesity during the same period, the grade fixed effects would account for such nationwide effects.
Finally, the ν i represents a vector of child-or family-specific time-invariant unobserved characteristics that may be associated with children's weight outcomes. For example, there may be unobserved genetic characteristics that predispose some children to weight problems (Ding et al., 2006) . Alternatively, the ν i represents unobserved family resources or parenting style that influences the development of overweight and obesity. Some of these unobservables may also be correlated with parental decisions regarding child care arrangements. For example, a parent who understands the role of TV exposure or other sedentary activities in influencing children's weight may have a preference for center-based care over relative or family day care if she believes that the former is more effective at promoting physical activity and limiting TV exposure. Failure to control for these unobserved preferences may lead to biased estimates of the impact of child care arrangements on childhood obesity. Finally, there might be unobserved demographic, economic, and policy differences across states and localities that are correlated with both child care choices and children's weight outcomes. 5 For example, if a given state identifies childhood obesity as a particularly serious problem, it may require certain child care establishments to implement formal practices to ensure healthy eating and physical activity patterns. Failure to account for this policy heterogeneity would further bias the estimates on child care arrangements if parents respond to these policies by placing their children in the regulated services.
We therefore account for time-invariant individual-and family-level unobserved heterogeneity by including child fixed effects in equation (1). The fixed effects approach requires panel data, or repeated observations on children, so that the set of individual timepermanent unobservables can be eliminated. While the child fixed effects approach effectively removes all unobserved heterogeneity that is stable over time, this method does have a number of limitations. First, it does not eliminate time-varying heterogeneity. For example, if a parent becomes more aware of the health risks associated with obesity, she may adjust her parenting style at home or choose different child care arrangements so that her child is exposed to less TV, becomes more physically active, and consumes more fresh fruits and vegetables. Such timevarying changes in parental preferences would still bias the estimated effects of child care arrangements on childhood obesity. Second, child fixed effects produce coefficient estimates only for variables that vary over time, thereby eliminating from the model some factors of interest to the researcher. Finally, measurement error in the explanatory variables can exacerbate attenuation bias when using child fixed effects.
In order to assess the extent of bias from time-invariant unobserved heterogeneity, we estimate versions of equation (1) with and without the child fixed effects. We also take a number of steps to guard against sources of time-varying unobservables that may bias our estimates of child care arrangements in the child fixed effects models. First, we exploit the richness of the ECLS-K and control for a large number of time-varying child and family characteristics, including children's age, the presence of disabilities, and family structure and socioeconomic status. Second, we incorporate period (or grade) effects to capture year-specific policy or economic shocks that may influence parental decisions on child care and children's weight outcomes.
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In some of our pooled OLS specifications, we incorporate county fixed effects to account for unobserved differences across states and localities that might be correlated with both parents' child care choices and children's weight outcomes. Given that state-level economic and policy conditions are identical for children in the same county, these factors are automatically controlled for and are not needed in the model. This is particularly important for states' social policy environment, including recent welfare reforms, expansions to the Earned Income Tax
Credit (EITC), and pre-kindergarten initiatives, all of which may influence parent's decisions on child care and children's well-being. In addition, to the extent that the availability of fast food restaurants, supermarkets, and parks is unevenly distributed across the states, inclusion of county fixed effects will control for these factors as well. Another advantage is that any sub-state-level variation in families' demographic characteristics, physical activity and food options, or the social policy environment is captured by the county fixed effects.
Data
The data used in this chapter come from the Early Childhood Longitudinal Study, The analyses in this chapter use data from the fall of kindergarten, and the spring of 1 st , 3 rd , and 5 th grades. Observations with data missing on BMI and child care arrangements are excluded from the sample. We further limit our sample to children living in one-or two-parent households in which the biological mother is present for the entire survey period. 8 The models also include binary variables for the missing data. Applying these criteria results in a sample of 48,870 observations. 9 About 33 percent of these observations come from fall of kindergarten, while the percentage of observations from the spring of 1 st , 3 rd , and 5 th grades represent about 26 percent, 22 percent, and 19 percent of the full sample, respectively. Therefore, our analysis sample is unbalanced. Any child appearing at least twice in our sample with non-missing obesity and child care variables contributes to the fixed effects analysis. Thus, child specific fixed effects control for any time-invariant unobserved factors leading to some children dropping out of the sample. If sample attrition is non-random, then limiting the sample to a balanced sample would lead to biased estimates. In robustness analyses, we therefore estimate the main model using a balanced sample to assess the impact of sample attrition. Results from this balanced sample are consistent with the main findings. Since the identification of child care effects relies on within-child variation in child care arrangements, it is important to confirm that there is sufficient variation in these variables over time. Of the 48,870 child-time observations, only 11,480 (23.5 percent) come from children who never changed their child care arrangement.
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Our outcome variables are based on the BMI, which is calculated as weight in kilograms divided by height in meters squared. In addition to using the BMI, we estimate models using binary indicators for underweight, overweight and obese. One advantage of the ECLS-K is that 8 Specifically, the children in our sample either lived with their biological mother or with their biological father and a biological or step father.
Therefore, children in father only households or those in households in which the mother figure is someone other than the biological mother are excluded from the analyses sample. 9 The National Center for Educational Statistics requires number of observations to be rounded to the nearest 10 when the restricted version of the ECLS-K is used without sample weights. 10 Of the 11,480 observations, 7,640 belong to parental care; 1,760 observations are from relative care, and the remaining 600 and 1,480 are from non-relative/non-parental and center care, respectively. Our key independent variable is the primary child care arrangement used for the child during that survey year. The ECLS-K produces a composite variable indicating the primary child care arrangement in which the child spends the most time per week at the time of the interview. The values for this variable are: (0) no non-parental care; (1) relative care in child's home; (2) relative care in another home; (3) non-relative care in child's home; (4) non-relative care in another home; (5) center-based care; (6) two or more programs; and (7) location of care varies. Using these categories, we create mutually exclusive groupings of child care arrangements in the following manner: Children in no non-parental care arrangement are defined as using parental care. We combine categories (1) and (2) for relative care arrangements, such as care by a grandparent. Categories (3) and (4) are merged into a single group called non-relative care, which includes nanny or babysitter and family day care, and category (5) remains center care. We delete children in categories (6) and (7), which account for less than 2 percent of the overall sample. Interestingly, there appears to be no significant differences in overweight, obesity, and underweight prevalence across the other child care arrangements.
Our OLS models include a large set of control variables. The list includes child's age, gender, race, birthweight, and indicator for whether the child was born prematurely, disability status of the child, whether the child lives in a single or two parent household, mother's work status, indicators for families' socio-economic status, parent's expectations regarding the child's prospects for finishing high-school and college, number of siblings, indicators for the type of the residential location (city, suburban, town or rural), and grade dummies. In some of the OLS specifications, we also control for county fixed effects. Note that any of these control variables that are time-invariant drop out of the child fixed effects models.
Descriptive statistics for the covariates by the type of child care mode are displayed in Table 3 .2. Raw differences in the means suggest that children cared for by their relatives come from poor social and economic backgrounds, which is consistent with their relatively high rates of overweight and obesity as presented in 
Results
Our discussion of the empirical results begins with several OLS regressions constituting a baseline for the estimates obtained from child fixed effects regressions. In all cases, we report robust standard errors clustered at the child level. As displayed in Table 3 In Panel A of Table 3 .1, in which all three non-parental child care modes are aggregated into one category, the estimates indicate that non-parental care is associated with a higher BMI, a higher likelihood of being overweight and obese, and a lower likelihood of being underweight.
However, these estimates impose the assumption that all types of non-parental child care have the same association with children's weight outcomes.
When we allow the effects to differ by the type of care in Panel B, the estimates suggest that it is the relative care that is associated with a higher BMI and a points more likely to be overweight and obese, respectively, than children in parental care.
These children are also 0.5 percentage points less likely to be underweight than their counterparts in parental care. None of the estimates on non-relative and center care are statistically significant in any of the weight models, except for the center care, which is statistically significant at the 10 percent level and associated with a small decrease in the likelihood of underweight. All other coefficients are statistically insignificant and too small in magnitude to have any noteworthy implications.
Results from the OLS models are consistent with the descriptive statistics suggesting that relative care is associated with a higher BMI and a higher likelihood of becoming overweight and obese. There appears to be no statistically significant differences in the obesity outcomes of children in parental care and those in non-relative or center environments. However, these estimates may be biased due to unobserved heterogeneity correlated with both child care arrangements and children's weight outcomes. Even after controlling for a large number of covariates and county fixed effects, it is no guarantee that one eliminates potential biases.
In Table 3 .4, we present results from the child fixed effects model, which eliminates all sources of time-invariant unobserved heterogeneity. To guard against potential bias from any remaining time-varying heterogeneity, we include in these models the control variables that vary between grades, such as socio-economics. According to the estimates presented in Table 3 .4, any non-parental child care participation, regardless of the type, appears to have no effect on children's weight outcomes once the time-invariant unobserved heterogeneity is accounted for.
Unlike the OLS results presented in Table 3 .3, estimates on relative care become zero and no longer statistically significant. In fact, none of the coefficients in Table 3 .4 are large enough to have any significant policy implications. Taken together, the fixed effects results suggest that the raw differences observed in children's weight outcomes are not the result of child experiences, but rather due to differences in observed and unobserved characteristics of children and their families.
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In order to assess the sensitivity of our results to using a balanced panel, we estimate the child fixed effects models after limiting the sample to children who participated in all four waves of the ECLS-K. This results in a reduction of the sample size by about half. As presented in Table 3 .5, the estimates from the balanced panel are largely consistent with those from the 11 Adding child specific linear time trends to our fixed effects model do not change any of the current results.
unbalanced panel, suggesting that the effects of non-parental child care modes on children's weight outcomes are small and not different from those of parental child care. The only exception to this is center care, which is now associated with a reduction in the likelihood of underweight by 0.9 percentage points and significant at the 10 percent level. Center care is also associated with an increase in BMI of 0.12 points. Even though two of the coefficients for center care are now estimated with some precision, they are nevertheless still small in magnitude, and do not change the implications obtained from the unbalanced panel.
In Table 3 .6, we continue to check the robustness of our findings by including two key control variables in the fixed effects model. In the upper panel, we control for the mother's employment status. Since child care decisions are typically made in conjunction with the employment decision, one of the primary channels through which child care choices can exert an influence on children's weight outcomes is through maternal employment. By controlling for the mother's employment status, we attempt to obtain the effect of child care choices on children's weight outcomes net of the influence of mothers' labor force decisions. As illustrated in Table   3 .6, this exercise does not produce any different results. All of the estimates on non-parental child care arrangements continue to be small and imprecisely estimated. However, one should interpret these results with caution, as the maternal employment is likely to be endogenous.
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The models so far assume that the intensity of non-parental care is the same across all three types. That is, once a child uses a certain type of care as the primary arrangement, it does matter how many hours he or she spends in it. However, there are slight differences in the average number of hours spent in non-parental child care modes as illustrated in Table 3 .2. For example, children whose primary arrangement is center care spend about 12.4 hours per week on average in this care, while those in relative and non-relative care spend about 15.3 and 14.5 hours per week in these modes, respectively. To account for these differences, we control for the number of hours spent in non-parental care in the fixed effects models. As presented in the bottom panel of Table 3 .6, controlling for this variable does not lead to any meaningful changes in the estimates.
In the next five tables, we present results from a number of sub-group analyses. In Table   3 .7, we present the fixed effects results separately for boys and girls. There appear to be no appreciable differences in the impact of child care choices on weight outcomes across boys and girls. For both groups, the estimates continue to be very small and statistically indistinguishable from zero. In Table 3 .8, we present results separately across white and black children. Again, allowing the effects of child care choices on weight outcomes to be different between white and black children does not cause any changes to our main findings. In our third sub-group analysis, we estimate models separately for working and non-working mothers. As presented in Table   3 .9, the current findings largely hold when we estimate models separately for working and nonworking mothers, except that there is a small reduction in the likelihood of underweight for children using center care as their primary mode of care.
In Table 3 .10, we present results separately for children in the bottom and top quintile of the SES distribution. This exercise reveals that children from the bottom quintile of the SES distribution are about two percentage points more likely to be underweight than children in parental care if their primary mode of care is relative care. In addition, the children in the bottom quintile are eight percentage points less likely to be overweight if their primary mode of care is non-relative care. The coefficients on center care are very small and statistically insignificant.
For children in the top quintile of the SES distribution, the only statistically significant effect applies to center care in the underweight model, which indicates that center care is associated with a reduction in the likelihood of underweight by 1.6 percentage points. Again, the remaining coefficients are small and imprecisely estimated.
Finally, we report results separately for children living with single biological mothers and married biological mothers. As shown in Table 3 .11, allowing the effects of child care choices on children's weight outcomes to differ between children of single and married mothers does not cause any changes to our main findings. None of the estimates are large enough to have any meaningful implications and statistically significant at conventional levels.
Conclusion
Motivated by the simultaneous rise in the use of non-parental child care arrangements and childhood obesity in the U.S. over the last three decades, this chapter seeks to understand to what extent non-parental child care is responsible for the sharp increase in childhood obesity.
We do not find evidence to support the hypothesis that the two developments are related.
Although the OLS findings point to a positive association between relative care and obesity and a negative association between relative care and the likelihood of underweight among school-age children, we show that this relationship is due to the endogeneity of the child care choice, parents and children using relative care differ in many ways that are also likely to be correlated with children's weight outcomes. Once we control for these characteristics, we find no evidence that relative care is more harmful for school-age children's weight outcomes than any other type of care. Our findings are robust to numerous sensitivity and sub-group analyses.
Our data do not provide information on the exact nature of experiences that children have in various child care environments. For example, physical activity patterns may play a more important role in one type of arrangement and the dietary conditions may matter more in another type. Therefore, it would be interesting to analyze this question using data with detailed between child care and children's weight outcomes may be non-linear. For example, using quantile regression techniques, Herbst and Tekin (in press) show that child care subsidy is associated with a higher likelihood of obesity for children who are already overweight and obese, but not for other children. An interesting avenue for future research could be to implement a similar analysis for the association between child care choices and children's weight outcomes. 
